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PARAMETRIC  INVESTIGATION  OF  RADOME  ANALYSIS  METHODS: 


EXPERIMENTAL  RESULTS 


I.  Introduction 

This  technical  report  documents  the  pattern  and  boresight  error 
measurements  made  on  eight  combinations  of  three  monopulse  antennas  and 
five  tangent  ogive  radomes  at  35  GHz  in  support  of  the  parametric  inves¬ 
tigation  of  radome  analysis  methods  carried  out  under  rjrant  AFOSR-77-3469 
The  measurements  program  was  carried  out  by  personnel  in  the  Electromag¬ 
netics  Laboratory  and  the  Radar  and  Instrumentation  Laboratory  of  the 
Engineering  Experiment  Station  at  Georgia  Institute  of  Technology  during 
the  period  October  1977  through  December  1980. 

This  report  is  Volume  IV  of  four  volumes  which  comprise  the  final 
technical  report  for  this  researci  -ant.  Volume  I  presents  an  overview 
of  this  research  and  salient  results.  Volume  II  documents  the  analytical 
method  and  Fortran  computer  code  used  to  .  uyze  the  various  antenna/ra- 
dome  combinations  using  a  fast  receiving  formulation  based  on  Lorentz 
reciprocity  and  geometrical  optics.  Volume  III  documents  the  analytical 
method  and  additional  Fortran  software  required  for  radome  analysis  based 
on  the  Huygens-Fresnel  principle  (surface  integration). 

The  overall  objective  of  this  research  is  to  develop  a  general 
theory  of  radome  analysis  and  to  determine  the  accuracies  of  three  compu¬ 
ter-aided  radome  analysis  methods  under  controlled  conditions  of  antenna 
size  and  placement.,  wavelength  and  radome  size  and  shape.  The  measured 
data  presented  here  is  used  as  true  data  in  the  assessments  of  the  accu¬ 


racies  of  those  methods.  It  is  expected  that  this  measured  data  will  be 


used  in  the  future  by  other  investigators  for  the  same  purposes.  It  is 
for  this  reason,  and  the  fact  that  no  similar  data  base  currently  exists, 
that  these  measured  data  are  so  tediously  documented. 

Three  antennas,  representing  small,  medium,  and  large  in  terms  of 
radiating  aperture  size,  were  combined  with  five  tangent  ogive  radomes 
to  provide  a  range  of  antenna/radome  parameters  that  is  likely  to  be  en¬ 
countered  in  the  applications  and  for  which  the  accuracies  of  likely  com¬ 
puter  codes  are  to  be  determined.  The  parameters  of  the  radomes  include 
both  size  (small,  medium,  large)  and  fineness  ratio;  i.e.,  ratio  of  radome 
length  to  diameter.  The  tangent  ogive  shape  was  chosen  because  of  its 
ease  of  fabrication,  analytical  tractability ,  and  widespread  use  in  the 
applications.  The  eight  combinations  of  antennas  and  radomes  measured 
are  summarized  by  the  entries  in  Table  1. 

The  physical  characteristics  of  the  antennas  and  radomes  used  are 
presented  below:  The  measurement  procedures  and  coordinate  systems  are 
also  described.  The  measured  pattern  data  and  boresight  error  data  are 
presented  in  Appendices  A  through  K.  Principal  plane  patterns  and  dia¬ 
gonal  plane  patterns  of  the  sum,  elevation  difference,  and  azimuth  dif¬ 
ference  channels  of  the  three  antennas  alone  are  presented  in  Appendices 
A,  B,  and  C.  Measured  principal  plane  patterns  of  the  antennas  with 
radomes  are  presented  in  Appendices  D  through  K  for  the  eight  combina¬ 
tions  used.  Each  of  these  eight  appendices  is  concluded  with  measured 
boresight  error  data. 

II.  Antennas 

The  antennas  are  four-element  monopulse  arrays  as  shown  in  Figures 
1  and  2.  Their  dimensions  in  wavelengths  (1)  at  35  GHz  and  in  inches  are 
given  in  Table  2.  Each  element  is  a  conical  horn  with  a  circular  to 
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Table  1.  Ratios  of  Radome  Inside  Diameter  to  Antenna  Aperture 
Diameter  for  Antenna/Radome  Combinations  Measured. 

Antenna 

Radome  Small  Medium  Large 

Small  (F=1.0)  2.33 

Medium  (F=1.0)  3.98  2.33 

Medium  (F=1.5)  —  2.33 

Medium  <F=2.0)  —  2.33 

Large  (F=1.0)  7.28  4.27  2.33 


Table  2.  Monopulse  Array  Dimensions. 


Dimension  Small  Medium  Large 

Array  Array  Array 


(See  Fiqure  1) 

X 

inches 

X 

inches 

X 

inches 

A 

0.919 

0.310 

1.839 

0.620 

3.633 

1.225 

B 

2.589 

0.875 

4.567 

1.540 

9.015 

3.040 

C 

2.108 

.160 

1.054 

.320 

2.604 

0.878 

D 

1.275 

0.430 

5.456 

1.840 

6.153 

2  .075 

3 


rectangular  waveguide  transition  at  the  thruat .  All  four  elements  are 
machined  into  a  single  piece  of  aluminum  for  stability  and  to  facilitate 
pattern  measurements  with  and  without  the  various  ra domes .  The  three 
arrays  produce  measured  sum  pattern  learn  widths  of  28°  (small  array), 

15°  (medium) ,  and  8°  (large)  as  shown  in  Appendices  A  through  C. 

Signals  received  by  the  horn  elements  are  fed  into  a  monopulse 
comparator  via  four  rectangular  waveguide  sections.  The  signal  paths  to 
this  point  are  not  of  exactly  equal  length;  hence,  low-loss  dielectric 
screws  were  introduced  into  the  waveguide  sections  to  adjust  the  phase 
delay  in  each  signal  path  to  a  single  constant.  That  constant  was  deter¬ 
mined  by  the  relative  phase  of  the  longest  signal  path  at  the  comparator 
input  port.  An  example  of  a  waveguide  section  tuned  in  this  way  is  shown 
in  Figure  3. 

The  monopulse  comparator  is  a  single  unit  of  several  waveguide 
couplers.  Signals  received  at  the  four  input  ports  are  combined  to  pro¬ 
duce  a  sum,  azimuth  difference,  and  elevation  difference  channels.  In¬ 
put  and  output  port  views  of  the  comparator  are  shown  in  Figure  4. 

The  complete  antenna  assembly  for  the  small  horn  is  presented  in 
Figrure  5.  The  elevation  difference  channel  is  shown  connected  to  a  har¬ 
monic  mixer.  The  remaining  channels  are  terminated  in  matching  impedances 

III.  Radomes  and  Mounting  Hardware 

Five  radomes  of  tangent  ogive  shape  were  fabricated  for  use 
with  the  three  antennas.  Three  radomes  have  fineness  ratios  of  1:1  and 
three  different  base  diameters  designated  as  small,  medium  and  large. 

The  remaining  two  radomes  have  medium  base  diameters  with  fineness  ratios 
of  1.3:1  and  2.0:1.  Figure  6  and  Table  3  present  the  radome  dimensions 
in  free space  wavelengths  (A)  and  in  inches  (")  . 


'•igim;  4.  Photograph  of  Input  ami  Output  Port**  *’f  'Vimpulm-  Comparator. 


Com]i  1  l' to  Antinn.i  Asscunh 


Table  3.  Radome  Dimensions  in  Inches. 


Small 

Medium 

Medium 

Medium 

Large 

o 

H 

U 

fa 

11 

H ' 

O 

F=1 . 5 

F=2 . 0 

F=1 . 0 

A 

0.1875 

0.250 

0.250 

0.250 

0.375 

B 

2.110 

3.440 

5  .250 

6.940 

6.318 

C 

2.370 

3.825 

5.663 

7.540 

6  .875 

D 

2.550 

4.015 

3.993 

4.000 

6.910 

E 

2.050 

3.510 

3.497 

3.500 

6.410 

11 


The  rauomes  wore  machined  from  cylinders  of  Rexolite  ( •  =  '.'..'A)  . 

r 

The  wall  thickness  for  a1 ]  radomos  was  cho.son  to  bo  on  the  order  of  one 
wavelenqth  in  Rexolite  at  3r>  CHy. .  This  thieknor.f.  ■  rovided  adequ.it  < 
strength  and  rigidity  in  the  larger  radomes  and  consistent  effects  for 
all  sizes. 

The  radomes  were  mounted  to  specially  machined  baseplates  as  shown 
in  Figure  7.  The  baseplates  were  then  affixed  to  selected  extensi  x  tubes 
for  mounting  the  radome  over  the  selected  antenna.  A  cylindrical  hole 
was  machined  in  each  extension  tube  to  fix  the  angle  between  the  radome 
axis  and  the  antenna  axis  to  precisely  15°,  and  to  accurately  position 
the  antenna  inside  the  radome. 

Additional  mounting  hardware  was  fabricated  to  allow  the  radome 
with  base  plate  assembly  to  be  rotated  about  the  axis  of  the  antenna  as 
shown  in  Figure  8.  This  hardware  allowed  for  accurate  positioning  of  the 
tip  of  the  radome  with  respect  to  the  principal  planes  of  the  antenna  to 
facilitate  boresight  error  measurements.  Provision  was  also  made  to  ro¬ 
tate  the  antenna/radome  combination  by  any  specified  angle  so  that  groat 
circle  pattern  cuts  could  be  made  using  a  single  azimuth  positioner  ro¬ 
ta  tina  about  \  vertical  axis. 


TV.  Pattern  Measurements 

The  far  field  range  facilitates  the  measurement  of  microwave  an¬ 
tennas  with  far  field  regions  foi  •  y  f.  or  less  distant.  For  «  hi  s  pro¬ 
gram,  a  mountin'.:  pedestal  was  built  to  allow  orientation  of  the  antenna 
urr'e*-  test  .  The  receivin'!  (!■  st  }  ;  1'stal  is  supported  by  a  Scientific 
At  hint . i  nor  i.v'tit  al  ;osit  note,  -jui  i  ,  which  can  be  positioned  down  range 
v  re!  i  :  ’i  •  tear  wh.  1  ib  no  a  1  •  v  I  horizontal  t  rack .  The  trans- 
r  i  ‘  t ;  :  ;  «.-»!•  -.;t ’  x tows  a  i  >u . '•*  men '  ■  •  f  ‘..he  height  and  polarization  of  the 


Rotation  of  Antenna  with  Radorae  Locked  in  Vertical  Position 


Rotation  of  Radome /Antenna  Assembly  to  Desired  Polarization 

Radome  Positioning  Proceedure:  Large  Array  and  Large  F=1  Radome  Shown 


transmitting  antenna  (in  this  case,  a  35  GHz  horn) .  Signals  received  by 
the  antenna  under  test  are  heterodyned  by  the  phase/amplitude  receiver 
(SA  1753)  as  the  antenna  under  test  (AUT)  is  rotated  about  the  vertical 
axis.  From  the  received  signal  amplitudes,  a  1  kHz  AM  signal  is  pro¬ 
duced  as  the  imput  to  the  pattern  recorder  (SA  1522-40)  .  The  recorder 
produces  a  10"  x  20"  rectangular  plot  of  relative  power  one  way  versus 
the  angular  position  of  the  antenna.  The  angular  movement  of  the  re¬ 
corder  is  directly  linked  to  the  test  antenna  positioner  through  a  syn¬ 
chro-transmitter-receiver  feedback  loop.  No  phase  measurements  were 
attempted  because  of  instabilities  in  the  Klystron  source  and  because 
of  the  mechanical  stability  difficulties  inherent  at  35  GHt  on  an  out¬ 
door  range . 

To  understand  the  pattern  measurement  procedure,  consider  the 
initial  position  of  the  four-horn  array  (AUT)  on  the  receiving  pedestal 
to  be  such  that  it  is  vertically  polarized  with  respect  to  the  horizon¬ 
tal  surface  of  the  earth.  The  horizontal  plane  containing  the  axis  of 
symmetry  of  the  antenna  (z-axis)  is  the  H-plane  and  corresponds  to  the 
$=0°  and  $=180°  planes  of  the  spherical  coordinate  system  shown  in 
Figure  9(a).  H-plane  measurements  were  made  by  rotating  the  azimuth 
positioner  in  the  clockwise  direction  (Observer  #1  looking  down  on  it) , 
starting  from  a  position  such  that  the  antenna  would  be  to  the  left  of 
Observer  #2  standing  upright  behind  the  receiving  pedestal  and  looking 
toward  the  transmitting  antenna  at  the  other  end  of  the  range.  When 
the  transmitting  antenna  is  aligned  rotationally  about  its  axis  to  be 
vertically  polarized,  the  so  called  parallel  polarization  component 

V?  in  Figure  9(a)  is  recorded.  By  rotating  only  the  transmitting  an- 

v 

tenna  by  90°  clockwise  (Observer  #2)  to  yield  horizontal  polarization, 

the  cross  polarization  component  ^  in  Figure  9(a)  was  measured. 

<P 


15 


E— Plane 


0  -  90° 


OdB 

H— Plane: 
45°— Plane: 

E— Plane: 
—45°— Plane: 


— 40dB 

(b)  Relationships  to  Recorded  Pattern  Measurements. 


(a)  Antenna  Coordinate  System 
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FIGURE  9.  Coordinate  System  Used  for  Antenna  Pattern  Measurements. 


The  recorded  pattern  angle  0  for  the  H-plane  patterns  measured 

meas 

during  this  program  is  exactly  the  negative  of  the  polar  angle  0  defined 
in  Figure  9(a).  This  statement  is  true  for  all  pattern  measurements,  ex¬ 
cept  the  E-plane  patterns,  and  the  relationships  between  the  patterns  pre¬ 
sented  in  Appendices  A  through  K  and  the  antenna  coordinate  system  are 
summarized  in  Figure  9(b).  These  relationships  are  of  critical  importance 
to  ensure  that  accurate  comparisons  to  computed  patterns  are  made,  es¬ 
pecially  when  the  radome  is  present. 

The  E-plane  of  the  AUT  is  the  vertical  plane  which  contains  the 
antenna  axis  of  symmetry;  i.e.,  the  yz-plane  of  the  antenna  coordinate 
system  shown  in  Figure  9(a) .  Pattern  measurements  in  the  E-plane  were 
made  by  first  rotating  both  the  AUT  and  transmitting  antenna  90°  clock¬ 
wise  (Observer  #2  behind  AUT) .  Pattern  recordings  of  the  parallel  com¬ 
ponent  of  Figure  9(a)  were  then  made  as  described  above  for  the  H- 
plane.  By  rotating  the  transmitting  antenna  90°  (Observer  #2) ,  the  cross 
component  of  Figure  9(a)  was  measured.  The  relationships  between  the 
recorded  patterns  and  the  antenna  coordinate  system  are  summarized  in 
Figure  9(b) . 

Diagonal  plane  pattern  measurements  were  made  on  the  antennas 
alone  for  modeling  purposes.  The  planes  are  defined  by  <j>=45°  and  $=-45° 
in  the  antenna  coordinate  system  of  Figure  9(a).  The  relationships  to 
the  recorded  patterns  are  shown  in  Figure  9(b)  . 

The  receiver  used  had  only  a  single  channel,  and  pattern  measure¬ 
ments  on  each  channel  (E,  A ,  A  )  of  each  antenna  were  done  one  channel 

XLLi  AZj 

at  a  time.  The  harmonic  mixer  was  installed  on  the  desired  port  of  the 
monopulse  comparator.  The  other  ports  were  terminated  in  matched  wave¬ 
guide  loads.  The  mixer  and  loads  were  interchanged  until  all  the  channels 
were  measured. 

17 


All  pattern  measurements  with  the  radomes  in  place  were  done  in 


the  same  manner  as  with  the  antennas  alone.  The  radome  under  test  was 
always  mounted  so  that  its  axis  of  symmetry  made  an  angle  of  15°  with 
the  axis  of  symnetry  of  the  antenna;  furthermore,  the  radome  was  rotated 
by  angle  a  so  that  the  tip  was  located  in  the  $  =  -45°  plane  of  the  an¬ 
tenna  coordinate  system  of  Figure  9(a).  This  position  was  selected  to 
produce  measurable  boresight  errors  and  pattern  asymmetries  in  both 
principal  planes.  Boresight  error  measurements  were  later  made  as  a 
function  of  this  angle  a  as  explained  in  the  next  section. 

Measured  pattern  data  for  the  antennas  alone  are  presented  in 
Appendices  A,  B,  and  C.  Patterns  with  the  radomes  are  presented  in 
Appendices  D  through  K.  Note  that  for  these  latter  patterns,  the  pat¬ 
tern  of  the  antenna  alone  is  shown  as  a  dashed  line  for  reference  pur¬ 
poses.  Although  some  effort  was  made  to  show  the  relative  gain  and 
boresight  data  correctly  on  these  patterns,  the  boresight  error  graphs 
presented  at  the  end  of  each  appendix  and  the  measured  relative  gain 
data  presented  below  should  be  consulted  as  the  final,  correct  data. 

V.  Boresight  Error  Measurements 

When  a  radome  is  placed  over  the  monopulse  antenna,  an  error  in 
the  boresight  of  the  antenna  on  the  order  of  a  few  tens  of  milliradians 
may  result.  Electrical  boresight  is  indicated  when  the  antenna  is  posi¬ 
tioned  in  the  central  nulls  of  the  two  orthogonal  monopulse  channels 

(A  ,  A  ) .  This  position  of  the  antenna  without  radome  is  the  true 
El*  az 

boresight  of  the  antenna. 

Boresight  error  caused  by  the  radome  is  defined  here  as  being  the 
actual  angular  position  of  the  target  (transmitting  antenna)  in  the  coor¬ 
dinate  system  of  Figure  9(a)  when  electrical  boresight  is  indicated  in 
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the  difference  channels.  For  example,  a  positive  bore  sight  error  in  azi¬ 
muth  (elevation)  would  place  the  target  in  the  <p-0  plane  ($=‘10°  plane) 
of  Figure  9(a).  Equal,  positive  boresight  errors  in  both  azimuth  and 
elevation  sould  place  the  target  in  the  $=45°  plane.  Negative  boresight 
errors  may  also  occur. 

Boresight  error  measurements  were  made  during  this  investigation 
using  a  precision  milling  machine  rotary  table  as  a  turntable  mount  for 
the  receiving  monopulse  antenna  and  radome.  Error  measurements  were 
made  in  the  elevation  and  azimuth  channels  separately,  bore sic;. r  error: 
in  azimuth  were  measured  by  first  positioning  the  monopolise  array  ar.d 
transmitting  antenna  on  the  far-field  range  to  yield  vertical  ;  -  i  ir 
tion.  The  turntable  was  carefully  rotated  until  electrical  r-s.  y.t  1:. 
the  channel  was  indicated.  The  radome  was  then  placed  over  the  an¬ 
tenna  and  positioned  in  the  angle  a.  The  turntable  was  carefully  ad¬ 
justed  to  indicated  electrical  boresight  in  the  A  channel.  The  bore- 

AZ 

sight  error  was  then  read  directly  from  the  vernier  scale  of  the  turn¬ 
table.  Boresight  errors  in  the  elevation  channel  (A  )  were  done  similar- 
ly  by  rotating  both  antennas  90°  clockwise  (Observer  #1)  about  their 
common  axis  of  symmetry  and  repeating  the  above  procedure. 

The  indication  of  electrical  boresight  was  obtained  using  a 
Hewlett-Packard  415  VSWR  meter,  crystal  detector,  and  1-kHz  amplitude- 
modulation  on  the  35  GHz  signal  being  transmitted.  The  detector  was  in¬ 
stalled  on  the  difference  channel  port  of  interest  and  connected  to  the 
VSWR  meter.  The  difference  channel  null  position  was  determined  by  mea¬ 
suring  equal  amplitudes  on  either  side  of  the  null  as  the  turntable  was 
rotated  about  the  null  position,  and  then  taking  the  average  of  the  two 
angular  readings  on  the  turntable  vernier  scale.  This  method  was  adopted 
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!'!■  r  i  t  was  d  i.'-.-'-'V  rod  I  i:at  sue::  >.\isur-.'!»'!it:!  usinu  Luo  azimuth  mjk  i  L  iurur , 
■  rt'-.vivi'!',  and  ;  at  torn  recorder  yielded  •  •"it  ie  results  duo  to 

:  -  o  ■ :  ■-  ion- >r  iruo  urac  ios  . 

As  mentioned  above ,  the  rad  ohm •  mounting  hardware  was  machined  so 
th  it  t:u:  r.idoii'o  ixi of  ymriei  ry  (z  -axis)  made  angle  of  15°  with  the 
mono;  ul so  array  axis  of  symmetry  (/.-axis)  .  Also,  the  radome  with  base- 


■  late  could  be 

rotated,  about 

t.ho  x-nxi 

s  of  the  a n henna  : 

such  t licit  the  ra 

be  positioned 

to  lie  ii. 

any  a  •  lane 

of 

Figure  .'(b)  . 

Borosiqht  error 

measurements 

were  made 

as  a  function 

of 

tiiis  angle  a. 

r  r  example,  when  a=0,  the  radome  tip  lies  in  tiic  c=0  : lane  of  the  anten¬ 
na  ,  causing  boresight  error  i:i  azimuth  but  none  it:  elevation  due  to  sym- 
"’.trv.  When  ct=y'0°,  no  boresight  error  in  the  A  channel  would  be  ex- 
; octed  (due  to  symmetry) ,  but  errors  in  would  bo  expected.  For  any 

other  value  of  u,  errors  would  be  expected  m  hot:  channels. 

The  measured  boresight  errors  for  th"  eicht  anti. !'.na/ radome-  com¬ 
binations  shown  in  Table  i  are  present'd  is  *  •:<.  .  a  •  f  i  cur*-  of  each  of 
Appendices  D  through  K.  Each  figure  present:  :  »-•  ■  •  to  .-rr  >r  ora;  hr  in 
a/.:  muth  a:  id  in  elevation.  For  each  era;  h  th-  a:.-  •  ,.u  ;  s  'ho  angle  a, 

•ltd  the  ordinate  is  boresight.  error  is.  degrees.  V-.  a  sun  :ients  were  made 
it:  i'i°  increments  in  u  over  the  comp-let’  range  of  zero  to  360°.  Ideally, 
the  boresight  errors  are  at. ti symmetric  ir.  -  wit;,  a  "t’  liod"  of  le'-  degrees; 

once,  th-.  measured  data  over  two  periods  provide  an  indi  .tion  of  re- 
• capability  and  consistency. 

A  radome  a  1  so  causes  a  loss  in  on- axis  gain  of  the  sum  channel  of 
:•  nif-noi  ul  so  antenna.  The  g.  in  loss  was  measured  simpdy  by  monitoring 
■  ••  ;um  r-hann-  i  signal  1m -fore  a.  id  a  ft  or  t  i •  radome  was  installed.  The 
1  ■■■■  ant'  nn.i  and  t  ra:  smitt  ing  antenna  were  a.;  inn  -d 
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Antenna  Patterns  of  Small  Array  Without  Radome 
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Figure  A-3.  Pattern  of  Small  Array:  E-Plane,  Sum,  v- Component 


Small  Array 


Pattern  of  Small  Array:  E-Plane,  Azimuth  Difference,  0-Component,  No  Radome 


ern  of  Small  Array:  F-Plane,  Azimuth  Difference,  ^-Component ,  No 


rn  of  Small  Array:  E-Plane,  Elevation  Difference,  ^-Component,  No  Radome. 
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Antenna  Patterns  of  Medium  Array  Without  Radome 
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Figure  B-2.  Pattern  of  Median  Array:  H-Plane,  Sun,  P-Conponent ,  No  Rador.ic 
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rn  of  Medium  Array-  H—  Plane,  Azimuth  Pi)  tcreiu'c,  ^(.omponrnt ,  No 


Figure  B-6.  Pattern  of  Medium  Array:  H-Plane,  Azimuth  Difference,  <f-Component ,  No  Radome 


,;iire  B-8.  I’.ittcrn  of  Medium  Arr.iv :  K-l’J.inc,  Azimuth  Difference,  ^-Component,  No  Hu  dome 
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Figure  B-10. 


Figure  B-ll,  Pattern  of  Medium  Array:  H-l’lnne,  K.leva 


K  i  >;ii  ro  B-14.  P.ittcru  nt  Med  inn  Arr.iv:  0*45°  Plane,  Sum,  ^-Component ,  No  Radorae 


Plane,  Sum,  (J-Component ,  No  Radome 
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tenna  Patterns  of  Large  Array  Without  Radome 
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of  Large  Array:  E-Plane,  Sum,  6-Component,  No  Radome 


of  Large  Array:  H-Plane,  Azimuth  Differene,  (^-Component  ,  No  Rad 


Figure  C-6.  Pattern  of  Large  Array:  H-Plane,  Azimuth  Difference,  >'<- Component  ,  No  Radome 
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Figure  C -12.  Pattern  of  Large  Array:  H-Plane,  Elevation  Difference,  A-Component  ,  No  Radome 
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Antenna  Patterns  of  Small  Array  with  Small  ( F— 1)  Radome 
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Figure  D  2.  Pattern  of  Small  Array:  H-Planc,  Sum,  6-Component ,  Small  Radorae 


legend 


Azimuth  Difference,  ^-Component ,  Small  Radome 
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Figure  D-10.  Pattern  of  Small  Array:  E-Plane,  Elevation  Difference,  ^-Component,  Small  Radome . 
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Antenna  Patterns  of  Small  Array  with  Medium  (E=l)  Radome 
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Small  Array:  H-Plane,  Azimuth  Difference,  0-Component,  Medium  (K=l)  Radnme 


Array:  E-Planc,  Azimuth  Difference,  0-Component,  Medium  (F=l)  Radotne 
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Figure  F-i2.  Rattera  of  Smn  1  1  Arr.iv:  H-’Unno,  Kiev.  I)  i  f  f  erenoc- ,  •'  -  (’o-npeiu-n  t ,  Mi-J  i  um  (l'=l)  Radtime 
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Figure  F-4 .  Pattern  of  Small  Array:  K-F’  1  ane ,  Sum,  ■,*— Component ,  Large  (F=l)  Kadome 


Figure  F-9 .  Pattern  of  Small  Array:  E-Plane 
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FIGI'RE  F-13.  BORES If'HT  ERRORS  OF  SMALL  ARRAY  AN'!)  LARGE  RADOME. 
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Antenna  Patterns  of  Medium  Array  with  Medium  (F=l)  Radome 
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Figure  G— U .  Pattern  of  Medium  Array:  E-Plnne  Sum,  :  -Componen l.  Medium  (K=J)  Radome 
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Figure  i,-h .  Pattern  of  Medium  Array:  H-l’lane,  Azimuth  Difference,  -Component,  Medium  (F=l)  Radome 


Figure  G-S.  Pattern  of  Medium  Array:  E-i’lane,  Azimuth  Difference,  f-Component,  Medium  (F=l)  Radome 
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Antenna  Patterns  of  Medium  Array  with  Medium  (F=1.5)  Radome 


Figure  H-2.  Pattern  of  Medium  Arrav 
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Figure  H-6 ,  Pattern  of  Medium  Array:  H-Plane,  Azimuth  Diff.,  O-Component ,  Medium  (F=1.5)  Radome 
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l-Plnnc.  Elevation  Diff.,  i -Component ,  Medium  (E=l)  Radome 
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BORES  I  GUT  ERRORS  OF  MEDIUM  ARRAY  AND  MEDIUM  (F=l.rj)  RAD0M1 


\2 


igurc  1-7.  Pattern  of  Medium  Array:  E-Plano,  Azimuth  Ditf.,  0-Component,  Medium  (F=2.0)  Radome 
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Pattern  of  Median  Array:  E-Plane,  Azimuth  -Component  ,  Medium  (K-2.0)  Radomc 
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FI  CURE  [-11.  BORES  I  CUT  ERRORS  OF  MED  1 1>M  ARRAY  ANT)  MFOIEM  (F=2)  RADOMK  . 
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Antenna  Patterns  of  Medium  Array  with  Large  (F: 


1)  Radome 
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Figure  .1-1.  Pattern  of  Medium  Array:  H-Plane,  Sum,  '* -Component 


gure  .1-3.  Pattern  of  Medium  Array:  E-Plane, 
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Pattern  of  Medum  Array:  H-Plane,  Azimuth  Diff.,  0  -Component 


Array:  L-Llnne,  Azirmtli  Pit'f.,  “  -Component ,  Large 
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rray:  E-Plane,  Azimuth  Diff.,  ■!  -Component ,  Large  (L=l)  Radome 
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Medium  Array:  E-Plane,  Elevation  Diff.,  })-Componen 
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Antenna  Patterns  of  Large  Array  with  Large  (F=l)  Radome 
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Figure  K-6.  Pattern  nf  Large  Array.  H-I’l.uu-,  Azimuth  Diff.,  -Componont  ,  Largo  Kadomo 
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Figure*  K- 10 .  Pattern  of  Large  Array:  F.-Plane,  Elevation  niff.,  i-Component  ,  Large  Radome 


